The Actinomycetes form an extensive and widely distributed group of microorganisms. Like the bacteria and the molds, they occur in nature both as saprophytes and as parasites of plants and. animals. While the other two groups of microorganisms have received much attention, this group has been studied very little either morphologically or physiologically, so that it has not even been decided as yet whether its members should be classified with the bacteria, the fungi, or placed in a class by themselves. Although certain Actinomyces species have been known for a long time, it is only within very recent years that a thorough study has been made of the structural and physiological characters of the groups, suggestions presented as to the best methods of classification and attempts made to interpret their probable part in nature.
A complete historical review of the pathogenic forms can be found in the work of Musgrave, Clegg and Polk (1908) , while the occurrence and activities of the saprophytes have been reviewed by Krainsky (1914) , Waksman and Curtis (1916, 1918) , and others.
The growth of the Actinomycetes on organic media is not characteristic and this was the reason why the older workers, limiting themselves only to cultural studies and superficial observations, reported very few species of Actinomycetes to be present in nature. The work of more recent investigators in which differentiation is based on the size and shape of spores and colonies and pigment production, as by Krainsky (1914) or on the liquefaction of gelatin, size of spores and spiral production, as by Waksman and Curtis (1916) , marks a step in advance from that of Beijerinck, Sanfelice, Rossi-Doria, Miinter and others, who based their differentiation only on pigment production and cultural characters upon media not standard in composition.
The use of inorganic media for the study of this group of organisms marks another important stage in the proper differentiation and classification of these organisms. Several excellent media of standard composition have been suggested and used very successfully: calcium malate agar' and glucose agar used by Krainsky (1914) ; Czapek's agar by Waksman and Curtis (1916) and malate-glycerin agar by Conn (1917) . These media are well adapted for the purpose of bringing out the characteristic macroscopic features of the organisms and also for morphological studies. But one should not limit himself merely to the study of morphological and cultural characters. The morphologist always comes first in the study of a new organism, but the physiologist soon, follows and the facts brought out by the latter are of as great and often greater importance in supplying information concerning the nature of the organisms than the facts brought out by the former. The Actinomycetes, like other living things, exhibit phenomena of variability often neglected by the students of microscopic forms of life. The species described are not absolutely fixed, either physiologically or morphologically. A certain physiological feature will depend not only on the species and the Historical The importance of milk as a culture medium for the study of bacteria has long been recognized by workers in bacteriology; although milk is a very complex medium, it is more or less standard in composition and the reactions produced upon it by microorganisms are so characteristic, that it has found general acceptance.
The growth of an organism upon milk should be studied from several angles: the action upon the proteins and sugars of the milk, and the production of different enzymes must all be considered. Nitrogen is present in fresh skim milk as casein, about 3 per cent, albumin, about 0.5 per cent, and other nitrogenous compounds, about 0.05 per cent. The casem is in the form of calcium caseinate, which is acid to phenolphthalein and neutral to litmus. The calcium present in the milk is just sufficient to keep the casein in solution; when a large excess of calcium salt is added to the milk, the casein is precipitated; upon addition of acid to milk, the calcium is converted into the corresponding salt and the free casein is precipitated, producing the well known phenomenon of coagulation. The coagulation of the milk may be due to two different causes: it may result from the action of an acid upon the milk, as just pointed out, or the curdling may be due to enzyme action, as in the case of rennin (chymosin, lab), which transforms casein into paracasein and produces coagulation, in the presence of calcium salts.
Milk contains as high as 6 per cent of sugar, mostly lactose, but with small quantities of glucose also. A permanent acid reaction of the milk is induced by the organisms that ferment lactose, but if an organism can only utilize glucose the reaction is usually at first acid, later changing to alkaline due to protein decomposition or the production of carbonates. The accumulation of acid due to the fermentation of lactose may be sufficient to cause an acid coagulation of the casein, and this is very often the type of coagulation which milk undergoes as a result of the action of bacteria. Savage (1904) demonstrated that curdling of milk by B. coli is due, in almost all cases, to the formation of acid, presumably lactic acid by the bacteria. Curdling of the milk produced by the action of an enzyme can be easily distinguished from that produced by an acid: when the acid is neutralized, the latter type of curd will redissolve, but not the former: O'Heir (1906) has shown that an acid coagulum in milk is insoluble in weaker alkalies, but dissolves readily in stronger ones such as NaOH. Savage (1904) demonstrated further that rennin will not coagulate boiled milk, or only with great difficulty, this being due to the precipitation of soluble salts of calcium in the boiling. When freshly separated and pasteurized milk is used, it is possible that the bacteria left in the milk may ferment the lactose and that the lactic acid thus produced may affect favorably the action of rennin.
Besides these primary reactions induced by the growth of microorganisms in milk, secondary reactions have to be taken into consideration also: such as the peptonization of the coagulum. This is due to the proteolytic activities of the organism, which splits the paracasein by means of an enzyme into proteoses, peptones, polypeptides, amino acids, and ammonia. The milk may also clear up, without any previous coagulation. Van Slyke and Bosworth (1916) have shown that in the souring of milk an increase of the nitrogen of the whey takes place, and that this increase is due to the albumin. Kendall and his associates (1914) studied the growth of a number of bacteria on milk; many different transformations were produced in the milk as a result of the metabolism of particular organisms. B. coli produced a marked lactic acid fermentation with acid coagulation of the casein; B. proteus did not ferment lactose but attacked the proteins and at the end of the third day the milk was coagulated and later peptonized; B. subtilis and B. mesentericus acted in a similar manner, the first producing an alkaline and the second an acid reaction, and so on. These diff'erent reactions upon the milk can be easily explained by the differences in the metabolism of these organisms.
It is assumed that the enzyme produced by the microorganisms that clot milk is of a nature similar to the animal rennin, lab, or chymosin. Duclaux (1.907) claimed that bacteria act upon milk in three different ways: first, by producing a rennetlike enzyme which coagulates the milk, without making it more available for their nutrition; secondly, by producing a casease, an enzyme which digests the clot; this enzyme acts also upon the albuminoids of the milk but more actively upon the casein; thirdly, the microorganisms may produce a decomposition of the milk by a process of nutrition; if the casease is in excess over the rennet, the milk in this case will be decolorized without any previous coagulation. Babcock and associates (1899) , differentiated between the enzymes of animal origin and those produced by bacteria. He stated that the products formed by the galactase normally present in the milk resemble those produced by the liquefying or peptonizing bacteria rather than those formed by the enzymes of animal origin; trypsin, pancreatin and pepsin produce no ammonia, while galactase and the proteolytic enzymes from bacterial cultures do produce ammonia.
The chemistry of the rennet action is still a disputed point. When coagulation takes place, the bulk of the casein is precipitated as paracasein, which is very similar to casein itself; whether the decomposition of casein occurs is still uncertain. Some investigators, such as Pawlow and Parastschuk (1904) , Sawjalow (1905) , Sawitch (1908) , Gewin (1907) , and others, believe that the action of pepsin and rennet result from the same enzyme, the clotting of milk being regarded as the commencement of peptic digestion; others', such as Nencki and Sieber (1901) , Pekelharing (1902) , Taylor (1909) , and particularly Hammarstdn (1908) are of the opinion that the two enzymes are not identical. Hammarsten-(1915) further states that both enzymes act proteolytically, but under different conditions, rennet acting at a lower acid concentration than pepsin, and also that the optimum temperature for the two enzymes is different. The casein molecule is split up into a larger molecule (Kaise) and a smaller (Molkeeiweiss). The large molecule is rendered insoluble by the presence of soluble calcium salts and forms the clot. Schryver (1913) and Mellanby (1913) consider the rennet clot as probably a combination of enzyme and protein. Bosworth (1913) and Van Slyke and Bosworth (1916) believe that the ferment breaks up the casein molecule into two molecules of paracasein, each half the size of the original molecule; and that small quantities of CaCl2 render the paracasein insoluble. Rennin action is probably a hydrolytic cleavage and may be considered the first step in the proteolysis of casein; the action attributed to rennin may be produced by any proteolytic enzyme.
Without going into further detail in regard to the chemical transformations of the milk constituents and the r6le of microorganisms in these transformations, a few words should be said here concerning the use of milk for the study of the Actinomycetes by the earlier investigators. Lehmann and Neumann (1912) reported that A. bovis Harz was found to produce no change in milk in eight days; A. farcinicus Gasperini dissolved the casein without coagulation, the reaction becoming alkaline; A. chromogenus Gasperini clarified the milk giving an alkaline reaction. Petruschky (1912) Besson (1912) stated that A. madurae grew in milk, but that no coagulation took place. Goadby (1903) found that A. buccalis isolated from the mouth produced no change for the first two days in milk at 37.5°C.; later the milk was precipitated and then cleared, the reaction becoming slightly alkaline. Lutman and Cunningham (1914) found that A. chromogenus (A. scabies) digested the milk slowly without coagulum, the milk becoming alkaline. These few observations do not throw much light upon the action of the Actinomycetes upon milk, the only point that seems definite being the tendency for the reaction of the milk to become more alkaline as a result of the action of these organisms. All the Actinomycetes, according to Krainsky (1914) , attack casein readily and split it by means of an enzyme, with the production of ammonia. Nadson (1903) stated that the Actinomycetes isolated from the curative mud of the Veisov salt lake produce a precipitate of the casein of the milk. The clot is then dissolved gradually from the surface downward and the milk is transformed into an almost transparent fluid, having a reddish opalescence; the liquid is distinctly alkaline and a small portion of undissolved casein is left at the bottom of the tube.
A preliminary paper was recently published by the writer (1918) on the metabolism of pathogenic Actinomycetes, in which the question of the action of these organisms upon milk was discussed, but since it was brief and preliminary the results will be included in table 1 for comparative purposes.
Experimental
The organisms used in this work were isolated from the soil in the end of 1915 by Waksman and Curtis and briefly described in 1916. A. madurae, A. hominis, A. bovis, A. asteroides and A. scabies were obtained from sources noted above. A full description of the organisms indicated by numbers as well as of those previously described will appear later. All the organisms were grown upon a synthetic medium,' with the exception of the four animal pathogens.
Freshly separated milk was placed in tubes and flasks and sterilized for thirty minutes on three consecutive days in flowing steam at 1000C. The sterile milk was then inoculated from the different cultures grown on the synthetic medium and incubated at 370C. At the end of the incubation period amino nitrogen and ammonia were determined in some of the cultures, the amino nitrogen by the use of the micro-apparatus of Van Slyke (1914) ; the ammonia by the Folin aeration method, as modified by Steele.(1910) .
The indicator suggested by Clark and Lubs (1917) , dibromorthocresolsulfqnphthalein, or more simply "bromcresol purple," was found to be excellently suited for the study of reaction changes in milk and was used in place of litmus for this purpose.
The indicator was dissolved in NaOH solution and added to the fresh, unadjusted milk in the proportions suggested by Clark and Lubs (1917 It is interesting to note that all these organisms which hydrolized the milk without previously clotting it at one time or produced a clot and then digested it at another time, were placed in group III, which contains the organisms that produce a clot late but peptonize the clot rapidly. The possible explanations would be either that these organisms produce rennin at one time and not at another, which is hardly probable, or that the clot formation and the peptonization of the casein go hand in hand so that coagulation is often not observed. The interaction between casein and the proteolytic enzyme may be more rapid than between casein and rennin. The lack of clot may therefore not necessarily indicate the lack of production of a rennet-like enzyme, as will be pointed out again in another connection.
The fifth group consisted of strains which seemed to have no effect upon the milk in thirty days. Some of these organisms are probably unable to grow in milk and could not be reisolated; A. aureus, A. pheochromogenus, 202, 205 The species belonging to this group are mostly chromogenus types, i.e., producing black pigments on organic media. When grown on milk at 25°C., all of them produced a surface brown to black ring, accompanied by an imperfect clot formation and weak digestion; the animo nitrogen content of the milk was rather low and the reaction quite alkaline (++ or +++).
In general when grown at 250, nearly all the species produced a better growth upon the milk, but the action upon the milk, ran about alike to that obtained at 370.
The Actinomycetes are variable in nature and the amount of growth upon different media depends upon many factors; such as mother cultures, temperature of incubation, etc. We would therefore expect that, at different temperatures of incubation, some species at least, would show distinctive differences in the clot formation, rapidity of peptinization and change of reaction. These differences were actually obtained but they varied in degree rather than in kind.
The division of the Actinomycetes into five groups according to their action upon the milk constituents should be looked upon as only an attempt to point out in a definite manner a possible differentiation of these organisms. Although, upon repeated transfer, the same reactions in milk were generally obtained, there were several exceptions and therefore the division lines cannot be absolute. The production by some organisms of a clot at one time and hydrolysis of the milk, without previous clotting, at another has already been pointed out.
A. madurae produced a clot in three to four days and then digested it rapidly; but, when grown for a long time upon synthetic media, it clotted the milk in about the same period of time but digested it slowly. This may. perhaps be due to the nature of the mediumn upon which the organism has been grown previously. Such yet, although we know that it is important. For example, it is known that the production of enzymes by microorganisms depends upon the nature of the medium upon which they are grown, but we know also that this difference is of a quantitative rather than a qualitativq nature. Hardly any attention has ever been paid to the influence of the medium on which an organism was grown, upon the production of enzymes by this organism, when transferred into a new medium. When more information on this subject has been accumulated, some of the discrepancies observed in the growth of Actinomycetes on milk, which are doubtless enzymatic phenomena, will probably be explained.
The change of the reaction of the milk is very characteristic. In nearly all cases the milk became alkaline; in only a few instances did the reaction fail to change; in no instance did the reaction become acid. The amount of alkalinity seems to go hand in hand with the amount of digestion. When the coagulum was produced there was usually no change or very little change of reaction; when the digestion began, the reaction became more alkaline and continued to increase with the advance of the digestion, proceeding from surface to bottom.
When the two periods of incubation are compared, it becomes evident that greater differentiation can be observed for the different cultures, if a record is taken at the end of a shorter period of incubation, namely about fifteen days at 37°. Since most of the organisms are active proteolytically and are able to digest the milk proteins, a long incubation period will tend towards the elimination of the differences, as observed by inspection of the cultures. For example, A. griseus, one of the most active Actinomycetes studied, almost completely digested the milk proteins in fifteen days, producing 57.7 per cent amino nitrogen and about 20 per cent ammonia nitrogen, while at forty-five days these quantities were changed to 54.0 and 23.3 per cent. This would indicate that very little splitting of proteins took place between the two incubation periods, and that .some amino nitrogen compounds were reduced to ammonia. On the other hand the cultures of weaker proteolytic organisms, such as A. diastaticus and A. fradii, which contained at the end of fifteen days only 14.7 2ELMAN A. WAKSMAN and 9.5 per cent amino nitrogen, have shown in forty-five days an increase to 43.5 and 33.5 per cent respectively.
The comparatively large quantities of amino nitrogen and ammonia produced by some Actinomycetes from milkproteins would indicate that some of these organisms may be very important in the splitting of proteins in nature. Their activity becomes more evident when compared with the action of several common bacteria. B. mycoides and B. subtilis, which are among the most active proteolytic bacteria known, produced from the milk proteins, with the same period and temperature of incubation, less. amino nitrogen and only slightly larger qu'antities of ammonia nitrogen than the Actinomycetes placed in group I; B. coli, which is known as a weak proteolytic organism, produced an acid clot, and split the milk proteins only to a very limited extent.
To obtain further information in regard to the action of the Actinomycetes upon the milk and to determine whether the phenomena observed were due to enzyme activities or to the growth of the cells, the following experiments were carried out:
One cubic centimeter of the fifteen-day milk culture of the organisms (in case the coagulum was partly or fully digested, the whey was used) was added to 10 cc. of fresh sterile milk in test tubes, using about 1 cc. of toluene to prevent any growth from taking place.
To test also the proteolytic action of the culture, 1 cc. of the fluid was added to 10 cc. of sterile gelatin, 15 per cent in distilled water, using 1 cc. of toluene for each tube. The tubes were then stoppered with rubber stoppers and incubated at 37°C. For examination, the gelatin cultures were placed for one hour on ice, then examined; if they remained liquid, they were pronounced digested and if they solidified again, undigested.
The results are given in table 2. The production of a rennet-like and proteolytic enzyme is definite, although we might argue from the data presented in table 2 that both activities can be attributed to the same enzyme, and that the difference between the proteolytic and rennet-like, action depends entirely upon the velocity of the action of the enzyme. For example, A. griseus, which seems to possess a strong proteolytic enzyme, and which always clotted the milk veryrapidly, did not produce any clot when only the enzyme was studied, but rapidly peptonized (hydrolized) the milk and liquefied the gelatin. So much of the proteolytic enzyme had been added that the digestion of the casein of the milk proceeded very rapidly and no clotting was observed. In -the case of the other organisms which possess less active proteolytic enzymes, as indicated by absolute alcohol and ether, and dried over sulfuric acid. The dried material was added (about 10 mgm.) to 10 cc. of sterile milk and incubated at 370; toluene was used to prevent contamination. The enzymes of the three organisms produced a complete clot of the milk in twenty-four hours. The clot was not digested readily even after ten to twelve days incubation at 37°. A proteolytic and rennetlike enzyme is therefore shown to be certainly present in some species of Actinomycetes.
The last experiment would lead to the assumption that the rennet-like enzyme can thus be shown to be distinctly different from the proteolytic enzyme. A. griseus and A. exfoliatus were grown again in 300 cc. quantities of sterile milk in 1 liter Erlenmeyer flasks till all the milk was digested (A. griseus first produced a clot in six to seven days with perfect digestion in twelve to fifteen days; A. exfoliatus hydrolized the milk in fifteen days). The milk was filtered through paper and the filtrate precipitated by means of alcohol, redissolved in water and reprecipitated; then washed with absolute alcohol and ether and dried over sulfuric acid. The material was scraped off the paper and added to a series of tubes of milk (about 5 to 10 mgm. to 10 cc. of milk). A perfect clot was produced in all cases without any whey formation for the A. exfoliatus and only a small quantity (0.5 to 0.75 cc.) for the A. griseus in ten to fifteen days at 37°. The whey of the latter contained 4.03 mgm. amino nitrogen per 10 cc. of whey, indicating a very faint digestion which is no doubt due to a trace of the proteolytic enzyme precipitating with the rennet-like enzyme. It is interesting to note that A. exfoliatus which, when grown on milk, produced no clot but merely hydrolized the milk gave a strong rennet-like enzyme.
Several Actinomycetes were grown in Czapek's synthetic solution for thirty days in Erlenmeyer flasks at 220. At the end of that period the cultures were filtered and both filtrate and mycelium used for study of the presence of rennet-like and proteolytic enzymes, the former containing the exoenzymes and the latter the endoenzymes. The mycelium was washed in water several times, then treated by the "acetone-dauerhefe" method (ten minutes in acetone, three minutes in ether and dried over sulfuric acid).
One cubic centimeter of the filtrate and 25 mgm. of the treated mycelium were added to test tubes containing 10 cc. of sterile milk, using toluene to prevent contamination. The tubes were incubated at 37°. The results are given in table 3.
The data presented in table 3 point to the fact that both types of active proteolytic enzymes are produced by Actinomycetes when grown on synthetic media. Several interesting observations can be made from the4e data. The exoenzyme (filtrate) has very active rennetic properties, as shown by the formation of a clot, and rather weak proteolytic properties, as shown by the fact that either the coagulum was not digested, as in the case of A. aureus and 168, or was digested only slowly (A. fradii) or to a very limited extent. The endoenzyme (mycelium) contained a weak rennet-like enzyme or none at all, but a very active proteolytic enzyme, as shown by the amino nitrogen in the medium. It is interesting to note that A. aureus, which did not produce any rennet-like endoenzyme, does not clot the milk when grown upon that medium, and 168, the ectoenzyme of which did not clot the milk, but hydrolized it, often produces a hydrolysis of the milk when grown upon that medium.
It would look as if the rennet-like enzyme is dissolved out into the medium, while the proteolytic enzyme is kept largely within the mycelium, this tending to indicate a distinct difference between the two enzymes. 2. These organisms can be divided into five groups, using as a basis their action upon milk, although no sharp lines can be drawn between the different groups Which blend into one another: group I contains those organisms that coagulate the milk rapidly and then peptonize the coagulum rapidly; group II, organisms that coagulate the milk rapidly, but peptonize the coagulum slowly; group III, those organisms which coagulate the milk slowly, but then peptonize the coagulum fairly rapidly; the organisms that peptonize (hydrolize) the milk, without coagulating it, will form group IV; and group V includes those organisms that have no visible action upon the milk. The differences will be observed more readily when the period of incubation at 370C. is not too long.
3. A few species do not lend themselves readily to this system of classification and are to be grouped in positions intermediate between two of these groups.
4. A few species give variable results on repeated inoculation in milk; this variability can be explained when the metabolism of the proper organisms is taken into consideration.
5. Rennet-like and active proteolytic enzymes are produced by the organisms that exert a strong proteolytic action upon the milk.
6. The reaction of the milk is changed in nearly all cases to an alkaline one. 7. The rennet-like and proteolytic enzymes, produced by the Actinomycetes, seem to be distinct from one Another.
III. THE USE OF BLOOD MEDIA FOR THE STUDY OF ACTINOMYCETES2
The Actinomycetes were studied on-blood media for two reasons: firstly, to find out whether these media, which are well adapted for the growth of most pathogenic bacteria, can also be used successfully for the study of Actinomycetes; secondly, to see whether growth on these media brin'gs about characteristic reactions, which indicate the metabolism of these organisms and help in their proper identification. Schlegel (1913) states that Israel and Kischevsky found coagulated serum to be a good medium for the growth of Actinomycetes. A. bovis was reported by some investigators to grow well on blood serum with the liquefaction of the serum, and A. madurae was reported not to produce any growth on blood serum. Goadby (1903) These observations would seem to point out the fact that at least some Actinomycetes are active proteolytically when blood proteins are present as a substratum.
Both whole blood and blood serum were used for this work. The blood agar was prepared as follows: nutrient agar containing veal infusion (500 grams of veal per liter of tap water, boiled ten minutes and filtered), 1 per cent Bacto-peptone, 0.5 per cent sodium chloride, 2.5 per cent agar, adjusted to + 1.0 (PHI = 7.6 -7.8) flasked and sterilized. After sterilization, the agar was cooled to 45 to 50°C. and about 10 per cent of sterile rabbit blood was added, the flask was well shaken, and the agar poured, under sterile conditions, into sterile test-tubes or sterile Petri dishes; the tubes were slanted, and both tubes and dishes incubated for forty-eight hours to insure sterility. The Loeffler's blood serum was prepared according to the usual formula: to 3 parts of ox-blood serum 1 part of glucose bouillon was added containing veal or beef infusion prepared as before, 1 per cent each of peptone and glucose and 0.5 per cent sodium chloride, reaction + 1.0 (PH 7.6 to 7.8); these were well mixed, passed through a Berkefeld filter, tubed into sterile tubes, using sterile containers, slanted in the Arnold, coagulated and sterilized, the plocess lasting for two hours, the temperature never going up above 900C. The tubes were incubated for forty-eight hours to insure sterility. The organisms grown upon the synthetic medium (Czapek's) were inoculated upon the blood agar, tubes and plates, and cultures incubated at 37°C. In nearly all instances a good growth was obtained in twenty-four to forty-eight hours, with the exception of A. pheochromegenus which grew very slowly; blood agar forms, therefore, a good medium for the growth of the Actinomycetes. ' Kuhn (1912) claimed that hemolysis is a' step towards virulence, although not identical with virulence; the hemolysis of an organism is a sign of a higher step of adjustment of the organism to a parasitic (animal) existence. If this were the case for all microorganisms, the Actinomycetes isolated from the soil would be closely related to the parasitic Actinomycetes not only -morphologically, but also physiologically which no doubt holds .true, as will be seen throughout the work reported in these papers.' But still another assumption can be made here. Sev-,eral veterinarians expressed to the writer their opinion that, in certain localities, cattle feeding mainly on grass suffer quite ,often from outbreaks of actinomycotic diseases, and that this ,disease is obtained from the soil. Certain soils, as will be pointed out elsewhere, contain as many as 40 per cent Actinomycetes out of the total microbial population obtained by plate culture counts. The possibility of some of these Actinomycetes 'being able to produce animal diseases may be therefore not without foundation, although it has not been demonstrated as -yet.
As to the chemical changes involved in the action of Actinomycetes upon blood, we might refer here to a paper by Baerthlein (1914) who stated that among the modifications which blood -undergoes due to the action of bacteria, one can distinguish:
(1) Hemolysis proper; the hemoglobin is set free and is not -modified, the corpuscular stroma remains intact. (2) Hemo-;globinopepsie; hemoglobin is set free and is completely digested,
'which brings about a discoloration of the medium, the corpus&cular stroma remains intact. Actinomycetes. It will be noted that those organisms that were active in producing extensive hemolysis produced also liquefaction of the serum. These very strains were among the most active proteolytically, when grown on milk. It can .thus be seen that the organisms that arie able to decompose the casein of the milk, with the production of a strong proteolytic enzyme, also liquefy the blood serum, which is also a proteolytic phenomenon, and produce hemolysis of the blood in the blood serum.
To demonstrate that the liquefaction of the serum is a proteolytic phenomenon and is accompanied by a decomposition of the serum proteins, some of the liquefied serum was withdrawn from the culture and the amino nitrogen determined by the use 214 SELMAN A. WAKSMAN of the Van Slyke apparatus. A. griseus gave 18.10 mgm. amino nitrogen per 10 cc. and 128 gave 22.33 mgm. The serum originally contained 4.56 mgm. amino nitrogen per 10 cc. This indicates that the liquefaction of the serum was accompanied by the splitting of the serum proteins into peptones, polypeptides and probably amino acids and ammonia. 
